A Primary Care Network (PCN) is a virtual network of general practitioners (GPs), sharing common resources and common clinical governance framework for effective chronic disease management. In this study, we analyzed the frequency of assessment as well as control of HbA1c, blood pressure (BP), and low-density lipoprotein (LDL) over time among adult patients with diabetes managed by a group of private GPs under PCN.
Introduction
Diabetes mellitus is a growing public health problem in the world, with an estimated 415 million people affected globally in 2015, and potentially rising to 642 million by 2040. [1, 2] Diabetes in Singapore mirrors global trends, affecting 11.3% of the population aged 18 to 69 years. [3] It was the second leading cause of Disability Adjusted Life-Years (DALYs) in 2010, [4] with an estimated annual economic burden of over USD1 billion. [5] Most of the DALYs and cost from diabetes are due to long-term complications, for which glycemic, blood pressure (BP), and lowdensity lipoprotein (LDL) control are major determinants. [6] [7] [8] The Singapore National Health Survey 2010 (NHS 2010) showed that 32% of diabetes patients had poor control (glycated hemoglobin HbA1c ≥ 8.0%). [3] While the survey did not stratify outcomes by site of care, most patients with diabetes are managed at the primary care level in Singapore. [9] In Singapore, primary care is provided through 18 public sector polyclinics and around 1500 clinics run by private general practitioners (GPs). According to the national Primary Care Survey, GPs are the main providers of primary care, accounting for 81% of all patient attendances, and a 55% market share of chronic disease care. [10] Traditionally, GPs in Singapore have operated in solo practices and do not have access to coordinated team based care and clinical data management support, unlike public sector polyclinics, which function as one-stop centers with medical, diagnostic, pharmacological, nursing, and some allied services. This has limited the capacity of GPs to provide chronic care effectively. There is also scarcity of data regarding the epidemiology and health outcomes for local diabetes patients that are managed in the private sector.
The Primary Care Network (PCN) is a model of care that supports the delivery of team-based primary health services, through a team of physicians, nurse counselors, care coordinators, and administrative assistants. Such networks have been established in Canada and New Zealand since the early 2000s, and have led to improved patient access to primary care and quality of care. [11, 12] The first PCN in Singapore was started in 2012 by 9 local GP practices owned by a private group located in various parts of the country, in collaboration with the Agency for Integrated Care. The 2 key elements of this PCN are the provision of a mobile primary care team, as well as the creation of a chronic disease register for each participating GP clinic. The mobile team comprises of nurse counselors who provide counseling, diabetic foot screening (DFS), and care management; care coordinators who coordinate care for patients with chronic diseases including appointments, monitoring process indicators of care and supervising the maintenance of the chronic disease register; and administrative assistants who create and update patient records in the chronic disease register. The chronic disease register allows GPs to better monitor and track their patients' condition and care over time, as process indicators and care outcomes are documented in accordance with local clinical practice guidelines.
The effect of this PCN on diabetes care processes after a year of implementation has been previously reported. [13] However, there has been no description of the profile of patients enrolled, as well as an evaluation of the impact of the PCN model on care outcomes. Therefore, in this study, we examined the effect of the PCN model of care on the profile of patients enrolled, the care processes and clinical outcomes in patients with diabetes, managed in these GP practices over a 4-year time period, which may provide useful insights to the implementation of such care models among other private primary care providers both in Singapore and internationally.
Methods

Study population
The study population was identified from the chronic disease register in the 9 GP clinics enrolled in the first PCN in Singapore between 2012 and 2015. Patients were included into the register if their chronic diseases were managed by the particular clinic, based on review of clinical case notes for chronic disease diagnosis, and medication prescription and dispensing records of chronic disease medication. Both manual and electronic records were searched periodically for identification of eligible patients for inclusion. The inclusion criteria for this study were patients with diabetes aged 21 years and older, and being managed in any GP clinic for at least 6 months. Pregnant patients and those with gestational diabetes were excluded. Data were censored up to December 31, 2015. The study was approved by the National University of Singapore's institutional review board (NUS-IRB Reference Code: B-16-233), with a waiver of patient consent. Data were deidentified before analysis.
Data collection
Subjects followed standardized diabetes care and monitoring provided by their managing physician. Diabetes monitoring panels included 3-to 6-monthly HbA1c and BP measurements and 6-to 12-monthly lipid panels. Blood tests were sent to a private laboratory for analysis.
For patients with diabetes, the following variables were recorded in the chronic disease register: patient-related variables, including age, gender, ethnicity, height, date of first visit for diabetes management, smoking status, and type of funding, which was collected at the time of patient entry into the registry; diseaserelated variables, including diabetes duration which was calculated based on date of first visit for diabetes and diagnosis of hypertension and dyslipidemia which were collected at the time of patient entry into the registry; and clinical care measures, including: DFS and diabetic retinal photography (DRP), measured annually; weight and HbA1c, measured every 6 months; BP, measured 3 every months; and LDL, measured annually.
Statistical analysis
Variables were summarized using mean (standard deviation, SD) or median (interquartile range, IQR) for continuous variables and percentages for categorical variables. The control of HbA1c, BP, and LDL were categorized based on the median level during the study period according to recommended cut-off points in clinical guidelines. [14, 15] Diabetes management was categorized into optimal, moderate, and poor control using the following criteria: optimal control if HbA1c 7.0%, BP 140/90 mm Hg, and LDL 2.6 mmol/L; moderate control if 1 or 2 of the above targets were met; and poor control if none of the above targets were met.
Measurement frequency during the follow-up period was categorized as never (never measured), irregular (measured less frequently than once every year), and regular (at least once every year), based on the chronic disease register.
Patients' type of funding was categorized into none, Community Health Assist Scheme (CHAS) alone, Medisave alone, as well as CHAS and Medisave combined. CHAS is a national subsidy scheme introduced by the Singapore government that provides subsidies for medical care at participating GPs to lower-and middle-income citizens. [16] Medisave is a compulsory national saving scheme, where a part of the individual's income is automatically transferred into a Medisave account to meet future medical needs. [17] CHAS and Medisave can be used to cover medical expenses related to common chronic conditions, including diabetes, hypertension, and dyslipidemia.
Patients' characteristics and control of HbA1c, BP, and LDL in each year of follow-up (i.e., 2012-2015 yearly cohort) were also compared. Each yearly cohort was an open cohort, which consisted of patients from the study population who visited the GPs in that particular year of follow-up. P values were calculated using one-way ANOVA, Kruskal-Wallis, or Pearson's Chi-squared test, as appropriate.
Individual trends of HbA1c, Systolic BP, and LDL during follow-up were analyzed using Generalized Estimating Equation (GEE) models. Two models each were conducted with serial HbA1c, Systolic BP, or LDL measurements, using autoregressive correlation structure. Model 1 was the raw model with time in the PCN as the only independent variable, and Model 2 was the full model including age, gender, ethnicity, diabetes duration, hypertension, dyslipidemia, smoking, and type of funding in addition to time in the PCN. Patients with complete information on all adjusted variables were included in the GEE analysis (HbA1c n = 754; Systolic BP n = 847; LDL n = 734).
Multinomial logistic regression was used to identify patient characteristics associated with different measurement frequencies. Patients in the never measured group were used as the reference group. A backward stepwise model selection was Statistical significance was set as a P-value < .05. All statistical analyses were done with R version 3.3.2.
Results
Demographics and baseline characteristics
A total of 943 unique patients were included in this analysis. Their baseline characteristics at year of first joining PCN GP clinics are shown in To analyze the characteristics of patients managed in PCN over time, we re-grouped these patients by visit dates. The number of patients registered in the PCN increased 2.5 times, from 371 in year 2012 to 911 in year 2015 (Table 1) . Thirty-two patients were lost to follow-up during the study period, and the yearly flow of patients in this open cohort is shown in Supplemental file 1, http://links.lww.com/MD/C572. The median duration of diabetes and the proportions of patients with concomitant hypertension and hyperlipidemia decreased between 2012 and 2015. While subsidy data was not available for patients in the year 2012, the proportion of patients receiving CHAS subsidies increased between 2013 and 2015.
Frequency of assessment and clinical outcomes over time (Table 2)
While the proportion of patients with DFS and DRP assessments were relatively stable during the 4 years, the proportions of patients with HbA1c, BP, and LDL assessments each year were higher in 2012 and 2013 compared to subsequent years, though the absolute number of patients with these assessments increased over the years. Among those with assessments available, the median HbA1c decreased from 7.5% in 2012 to 7.3% in 2015, although the difference was not statistically significant. The median systolic and diastolic BP was stable over the years. However, smaller proportions of patients had optimal BP control in 2015 compared to 2012 (47.0% vs 58.2%, P = .009). The average median LDL was higher in 2013 to 2015 compared to 2012 (P < .001), and the proportion of patients with poor LDL control (>2.6 mmol/L) was lower in 2012 (P = .02).
Overall, 31.6%, 79.7%, and 36.7% of patients (n = 943) achieved optimal glycemic (HbA1c 7.0%), BP ( 140/90 mm Hg) and LDL ( 2.6 mmol/L) control, based on the median of these measurements during the 4-year follow-up.
Trends of HbA1c, BP, and LDL (Table 3)
On analysis of serial HbA1c data points using GEE, there was significant improvement in HbA1c during the follow-up period after adjustment for confounders (P < .001). Younger age of diagnosis, smoking, and use of Medisave scheme alone were associated with increased HbA1c levels. Use of CHAS with or without Medisave was not associated with any significant HbA1c change. The trend of change for systolic BP and LDL was not statistically significant during the follow-up period after adjustment for confounders.
Factors associated with frequency of assessment
Having comorbidities, and utilizing Medisave and/or CHAS were associated with more frequent assessments of HbA1c, BP, LDL, DRP, and DFS on multinomial logistic regression. Longer 
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The trends in level of control and associated factors were analyzed using Generalized Estimating Equation. Model 1 was the raw model with time as the only independent variable; Model 2 was the full model including age, gender, ethnicity, diabetes duration, hypertension, hyperlipidemia, smoking, and type of funding. Smoking, hypertension, and hyperlipidemia variables were categorized into "yes/no," with the "no" category as the reference group. Patients with complete information were included in the analysis. * n = 754. † n = 847. ‡ n = 734.
Medicine duration of diabetes was associated with more frequent assessment of all measurements except BP. Individuals using CHAS and/or Medisave were 3 to 20 times more likely to have regular measurements compared to those who did not (Table 4) . Patients with CHAS and/or utilizing Medisave were older with higher proportions of female and Chinese ethnicity as compared to those without. They also had longer duration of diabetes and higher proportions of concomitant hypertension and dyslipidemia. (Supplemental file 2, http://links.lww.com/MD/C572).
Discussion
In this study of patients with diabetes, managed by a network of private general physicians supported by a mobile primary care team, the median HbA1c during a 4-year follow-up was 7.5%, with 31.6% having optimal control. The median systolic BP was 130 mm Hg, while the median LDL was 2.8 mmol/L. These results are comparable with previously published local data on diabetes management in patients managed in public institutions. [9, [18] [19] [20] [21] [22] [23] [24] Multinomial logistic regression was used to identify patient characteristics associated with different measurement frequency. A backward stepwise model selection was conducted based on Akaike's Information Criterion from age, gender, ethnicity, diabetes duration, hypertension, dyslipidemia, smoking, and type of funding. Patients with complete information on all the adjusted variables were included in the analysis (n = 918). CHAS = community health assist scheme, LDL = low-density lipoprotein, RRR = relative risk ratio. There was a 2.5-fold increase in the number of patients under the PCN between 2012 and 2015. One major reason for this rapid increase in patient numbers could be the implementation of CHAS in 2012. [25] When first introduced in 2012, the scheme allowed subsidies for patients aged 40 years and above with a monthly household income per person of SGD 1500 or less. The criteria were subsequently modified in 2013 and 2014, to remove the age restriction and increase the income criteria to SGD 1800 or less. With these changes, around half of all Singaporean households are eligible for the scheme. These health system changes are reflected in the patient loads in the PCN, with an increase from 27% to 44% in the proportion of patients having CHAS subsidies, with or without the use of their Medisave medical savings. It is worth noting here that CHAS-subsidized patients were almost a decade older than nonsubsidized patients, with longer duration of diabetes and higher proportions of concomitant hypertension and dyslipidemia.
The key aim of the PCN was to improve chronic disease management; both care processes and care outcomes. A shortterm analysis of diabetes process indicators in the PCN demonstrated significant improvement across all process indicators. [13] Our results, however, suggest that performance on process indicators over a longer period has been mixed, with fairly stable proportions of DRP and DFS assessments, but falling proportions of HbA1c, BP, and LDL measurements. It is probable that the rapidly increasing number of patients managed in this PCN since 2012 overwhelmed the mobile team's capacity to provide the relevant services, and/or track patients for these assessments in a timely manner. These results suggest the need for matching funding and human resources allocation to patient loads to ensure the sustained success and performance of the PCN model.
Another possible reason for the reduction in assessment frequency may be the reluctance of patients relying solely on outof-pocket payments (OOP) for medical care to pay for ancillary services. We identified use of CHAS subsidies and Medisave savings as major determinants of regular assessments for HbA1c, BP, and LDL. The proportion with timely assessments among CHAS/Medisave patients was double that observed in OOP patients. Cost of care is a known determinant of care-seeking behavior, and reducing OOP expenditure for patients, through insurance and/or subsidies, has been shown to improve care in studies elsewhere. [26, 27] Therefore, continuing and perhaps, increasing medical subsidies and care coverage may be beneficial in maintaining regular measurements of glycemic, BP, and lipid control in patients with diabetes managed by GPs. This is especially important given that CHAS patients achieved the same level of control, in spite of having longer disease duration and higher comorbidity burden.
On examining care outcomes, that is, control of HbA1c, BP, and LDL, we observed significant improvement in HbA1c levels over time, and stable levels of BP and LDL. This is commendable, given the progressive nature of diabetes, and in the context of the rapid increase in patient load in the GP clinics. This suggests that the PCN elements, including tracking of patient indicators over time, have had a meaningful impact on care in these patients. These results also serve as empirical evidence to support the development of such PCNs on a larger scale with financial and administrative help from the government. [28] PCN models have been previously implemented in countries such as Canada and New Zealand, where the bulk of primary care services are government-run, -supported or -reimbursed. [11, 12] Our study showcases a pilot PCN project among a purely private group of GPs with limited government support. Given the scarcity of data around this model of care in such settings, our work provides useful insights for the implementation of such care models in other private GPs both locally and internationally. The limitations of our study included the short follow-up period and the analysis of a single network involving clinics run by the same group. Longer follow-up is needed to ascertain the long-term effects of PCN in terms of clinical outcomes such as diabetic complications, hospitalizations, and overall cost-effectiveness. This was the first PCN in Singapore. Currently, more such networks are being established and future studies will be helpful in examining the effects of different PCN models on diabetes outcomes in Singapore. In addition, the absence of medication data, as well as paucity of results from DRP and DFS screening in the chronic disease registry were other limitations that prevented the examination of factors such as complexity of the various chronic conditions and compliance to medications. There may also have been some underestimation of the duration of diabetes in our study as it was calculated from the date of first visit to the primary care physician for the management of diabetes.
Conclusions
These limitations notwithstanding, our findings suggest that the PCN is a promising model of primary care for diabetes as patients under the PCN experienced improved glycemic control improved over time, and stable BP and LDL control. However, there may be need to enhance or modify the support provided under the PCN based on the patient numbers, and to augment financial assistance schemes to ensure that all patients access ancillary care services at the appropriate intervals.
